In hereditary hemorrhagic telangiectasia (HHT), frequent episodes of nasal and gastrointestinal bleeding commonly lead to irondeficiency with or without anemia. In the retrospective study presented here we assessed the iron stores, as determined by analysis of plasma ferritin, during oral and intravenous iron supplementation, respectively, in a population of iron-deficient non-anemic HHT patients who were inadequately iron-repleted by oral supplementation. A switch from oral to intravenous iron supplementation was associated with a significant increase in ferritin in this patient population.
Introduction
Hereditary hemorrhagic telangiectasia (HHT) or Osler's disease is an autosomal dominant genetic disorder afflicting approximately one in five thousand individuals. 1 The pathogenetic basis of the disease is development of vascular malformations in different tissues and organs of the body. 1 The vascular malformations lead to frequent nasal and gastrointestinal hemorrhagic episodes as well as cardiac, pulmonary and neurological complications. 1 The diagnosis is based on the presence of the following characteristics: recurrent nose bleeds, mucocutaneous telangiectasias, evidence of autosomal dominant inheritance, and visceral arteriovenous malformations. 2, 3 A patient is classified as suffering from HHT if at least three criteria are present. The disease is suspected if a patient presents with two of these criteria, and is considered unlikely if only one criterion is fulfilled. 2, 3 Chronic recurrent hemorrhagic episodes, which are associated with a decreased quality of life, 4, 5 result in iron deficiency with or without anemia. In iron deficiency, iron is commonly supplemented orally, but may be associated with increased gastrointestinal side effects. 6 As an alternative to oral supplementation, iron can be administered intravenously (IV). 7, 8 
Materials and Methods
At the Center for Osler's Disease, Uppsala University Hospital, Sweden, one of our treatment goals is to prevent anemia in the patients by means of iron supplementation and erythropoiesis-stimulating agents. In non-anemic patients we aim at keeping the patients iron replete, that is, ferritin >100 µg/L. 9 We have identified four female non-anemic HHT patients who never have reached the target ferritin >100 µg/L. They all suffered from frequent nose bleeds, and none of them tolerated more than 100-200 mg of oral ferrous sulphate daily, mainly due to gastrointestinal side effects. During 2013-2015 they were switched from oral to IV (ferric carboxymaltose or iron isomaltoside 1000) iron. Since the treatment was outside the clinical trial setting, dosing was individualized for each patient. The aim of this retrospective study was to evaluate whether a switch from oral to IV iron in nonanemic HHT patients was associated with a significant increase in patient iron stores as determined by analysis of plasma ferritin. Hemoglobin (Hb), mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) were also analyzed during oral and IV iron supplementation, respectively. In addition, the mean weekly dose of intravenous iron administered was calculated. At our laboratory the Hb reference range for women is 120-150 g/L. For MCV and MCH, reference ranges are 82-98 fL and 27-33 pg, respectively. The ferritin reference range for women is 10-155 µg/L. The case records for the patients were reviewed, and the mean values for Hb, MCV, MCH and ferritin were compared during oral and IV iron supplementation. Data were collected for a median of 8.5 (range 5-31) months during oral supplementation and of 3 (range 2-10) months during IV iron supplementation, respectively. This study was approved by the Regulatory Ethics Committee of Uppsala and performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients. Statistical analyses were performed using the SigmaPlot 11 software (Systat Software, San Jose, CA, USA). Quantitative variables were expressed as medians (range) or means ± standard deviations. The Student's t test or Mann-Whitney rank sum test was used to compare variables. A P-value less than 0.05 was considered statistically significant.
Results
The median age of the four female non-anemic HHT patients described here was 57 (range 36-76) years and the median age at diagnosis was 50 (range 24-63) years (Table  1 ). The switch from oral to IV iron was associated with a significant (P<0.001) increase in ferritin from 31 to 146 µg/L (Table 2 ). There were no changes in Hb, MCV or MCH after initiation of IV iron supplementation ( Table 2) . The mean weekly dose of IV iron administered was 56 mg.
Discussion
Absolute iron deficiency is commonly defined as ferritin <100 µg/L in patients with chronic diseases, for example chronic kidney disease, congestive heart failure and inflammatory bowel disease. [10] [11] [12] Considering HHT as a chronic disease, we aim at keeping our HHT patients above this cut-off by means of iron supplementation, either oral or IV. Although none of the patients suffered from any chronic inflammatory disease, we can not exclude that the ferritin levels observed were influenced by inflammation since ferritin is an acute phase reactant. 13 We could not properly assess the degree of inflammation biochemically in the patients since C-reactive protein and erythrocyte sedimentation rate were not analyzed, or were analyzed on only few occasions during the observation period. The four patients presented here failed to reach the treatment goal by oral iron supplementation, probably mainly due to a continuous loss of iron exceeding the maximal rate of gastrointestinal iron absorption, but they reached it after switching to IV iron. Traditionally, ferrous sulphate is given orally in doses of 100-200 mg per day in iron deficiency anemia. In a very recent study by Moretti and co-workers, it was shown that administration of ferrous sulphate twice daily at doses of 60 mg or higher was associated with a hepcidin-related decreased iron absorption the following day. 14 Thus, one cause that possibly contributed to the failure of our patients to achieve the defined ferritin target could be that they were prescribed too high doses with a too frequent administration of iron supplement. Iron supplementation in iron deficiency without anemia has been associated with functional improvement in patients with congestive heart failure, decreased fatigue in females and decreased symptoms in restless leg syndrome. 8, [15] [16] [17] [18] The retrospective nature of this study and the small study cohort prevent us from drawing any conclusions as to whether any possible positive subjective effects, for example, decreased fatigue, were associated with the increased ferritin after initiation of IV iron supplementation.
Conclusions
Iron deficient non-anemic HHT patients who fail to replete their iron stores by oral iron are readily iron-repleted by IV iron supplementation. 
